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(54) Glass plate with water-repellent film and method for producing same 



(57) The invention relates to a water-repellent glass 
plate having a glass substrate; a first film which is 
formed on the glass substrate and is made of silica; and 
a water-repellent second film formed on the first film. 
This glass plate is prepared by a method including steps 
of: (1) applying a first coating liquid containing tetraiso- 
cyanate si lane to the glass substrate, thereby to form 
thereon a precursory film; and (2) subjecting the precur- 
sory film to a drying at room temperature or to a heat 
treatment, thereby to prepare the first film; and (3) 
applying a second coating liquid to the first film, thereby 
to form the second film on the first film. The tetraisocy- 
anate silane of the step (1) is curable at room tempera- 
ture The second coating liquid contains an alkoxysilane 
having at least one f luorocarbon group substituted for at 
least one hydrogen atom thereof. By the provision of the 
first film, the water-repellent second film becomes supe- 
rior in solar resistance, abrasion resistance, chemical 
resistance, and adhesion to the glass substrate. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a glass plate with a water-repellent film and to a method for producing such glass 
plate by forming the water-repellent film on a glass substrate. 

Recently, isocyanate silane compound has been proposed to be used for forming a single-layered water-repellent 
film on a substrate or for forming the top layer of a two-layered water-repellent film thereon. For example Japanese Pat- 
ent Examined Publication JP-B-2-25990 discloses a method for forming a silicon oxide f am on a substrate by treating 
the substrate surface with a silane isocyanate compound containing Si-NCO bond in the molecule. In this publication, 
there are cited, as the silane isocyanate compound, silicon-containing compounds represented by formulas of 
Si(NCO) 4 , R n Si(NCO)4_ n and (RO) n Si(NCO)4_ n , where R is a hydrocarbon group which may or may not have a substit- 
uent, and n is 1, 2 or 3, and condensates of these silicon-containing compounds. Furthermore, there can be used, as 
the silane isocyanate compound, a silicon compound or a mixture of at least two silicon compounds. Such silicon com- 
pound is prepared by condensation of an inorganic silicic acid or a polysiloxane compound with one of the above sili- 
con-containing compounds. Such silicon compound contains at least two NCO groups which are directly bonded to 
silicon atom. 

Japanese Patent Unexamined Publication JP-A-60-219234 discloses a method for forming a multi-layered film on 
a substrate. This method comprises steps of (a) applying to the substrate a primer composition containing a multifunc- 
tional organic isocyanate compound and an acrylic polyol having a hydroxyl value of from 10 to 200 and a NCO/OH ratio 
of at least 0.6; (b) curing the primer composition by heating and/or drying of the same; and (c) applying to the cured 
primer composition layer a coating composition containing an organic silicon compound and/or its hydrolysate(s) The 
organic silicon compound of the step (c) is represented by a general formula of R 1 a R 2 b Si(OR 3 ) 4 a b where each of R 1 
and R is alkyl group, alkenyl group, ally! group, or a hydrocarbon group having halogen group, epoxy group amino 
group, mercapto group, methacryloxy group or cyano group, R 3 has a carbon atom number of from 1 to 8 and is alkyl 
group, alkoxyalkyl group, acyl group or phenyl group, and each of "a" and "b" is 0 or 1 . 

JP-A-4-342443 discloses an architectural water-repellent article comprising a substrate, a first layer formed on the 
substrate, and a second layer formed on the first layer. The first layer is prepared from a particular hydrdyzable silane 
compound or its partial hydrolysate, and the second layer is prepared from a particular isocyanate silane compound 

Hayashi et al. (1994) Journal of the Ceramic Society of Japan 102 [2] 206-209 discloses a water-repellent film 
formed on a glass plate. This film has a silica undercoating layer and a water-repellent layer formed thereon The under- 
coating layer has a thickness of about 100 nm and is prepared by applying tetraisocyanate silane to the glass plate at 
room temperature. The water-repellent layer is prepared by applying a fluoroalkyl isocyanate silane 
(C 9 F 19 C2H4Si(NCO)3) solution to the undercoating layer, followed by drying at room temperature. 

JP-A-6-1 84527 discloses a water-repellent article having a water-repellent film of a thickness up to 30 nm This arti- 
cle is prepared by applying a particular water-repellent agent to a substrate. This agent is prepared by a method com- 
prising sequential steps of (a) diluting one or two of a fluoroalkylsilane compound in an amount of 0-5 parts by weight 
and a long-chain aliphatic silane compound in an amount of 0-15 parts by weight, with 90-1 10 parts by weight of a sol- 
vent; (b) adding 0.1-5 parts by weight of an acid catalyst to the resultant solution; and (c) adding 0-10 parts by weight 
of a silicon isocyanate compound to the solution. In this method, there are used at least two of the fluoroalkylsilane the 
long-chain aliphatic silane compound and the silicon isocyanate compound. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide a water-repellent glass plate having a water-repellent film 
which is superior in solar resistance, abrasion resistance, chemical resistance, and adhesion to a glass substrate 
thereof. 

According to the present invention, there is provided a water-repellent glass plate comprising (a) a glass substrate- 
(b) a first film which is formed on the glass substrate and is made of silica; and (c) a water-repellent second film formed 
on the first film. The water-repellent glass plate is prepared by a method comprising steps of: (1) applying a first coating 
liquid containing tetraisocyanate silane to the glass substrate, thereby to form thereon a precursory film; and (2) sub- 
jecting the precursory film to a drying at room temperature or to a heating treatment, thereby to prepare the first film- 
and (3) applying a second coating liquid to the first film, thereby to form thereon the second film The tetraisocyanate 
silane of the step (1) is curable at room temperature (e.g.. 20-25 °C). The second coating liquid contains an alkoxysilane 
53 having at least one f luorocarbon group substituted for at least one hydrogen atom thereof. 

In the invention, the tetraisocyanate silane of the first coating liquid is cured by the step (2). The resultant first film 
becomes a hard silica film, and its surface becomes high in reactivity due to silanol groups formed thereon With this 
high reactivity, the first film becomes superior in adhesion to the second film and to the glass substrate After the step 
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(3), the alkoxysilane of the second coating liquid reacts moderately, for example, with silanol group (SiOH) of the first 
film and with water in the air, thereby to form the water-repellent second film on the first film. With this reaction, alcohol 
and water may be produced as by-products. These by-products do not become obstacles to the production of the water- 
repellent glass plate. In contrast to the present invention, if the second coating liquid contains, in place of the alkoxysi- 

£ lane, an alkoxy-free compound, such as RfSiCI 3 , RfSi(NCO) 3 or RfSi(NH) 3/2 where Rf is a fluorocarbon group, this 
alkoxy-free compound reacts abruptly with silanol group of the first film and with water in the air, thereby to generate 
heat and/or hazardous substances such as HCI, HNCO and NH 3 . According to the invention, the water-repellent sec- 
ond film on the first film is superior in water repellency, solar resistance, and abrasion resistance, while the first and sec- 
ond films do not damage optical characteristics of the glass substrate. Furthermore, the water-repellent glass plate of 

70 the invention can be produced by the above-mentioned simple method, using a simple facility, and can be used as archi- 
tectural and automotive windows, and other various glass articles. 

In the invention, the heat treatment of the step (2) can be conducted at a temperature which is higher than room 
temperature and is up to 700 °C, for at least 0.1 min. With this heat treatment, the first film becomes harder, and its sur- 
face becomes higher in reactivity. Furthermore, the first film becomes more superior in adhesion to the second film and 

is to the glass substrate and thus contributes to improve the second film in solar resistance and abrasion resistance. 

In the invention, the second film may be dried at a temperature of from room temperature to 400 °C, for at least 0.1 
min., after the step (3). With this drying, it becomes possible to further improve adhesion between the first and second 
films and that between the first film and the glass substrate. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graph showing variation of the contact angle, due to the super-ultraviolet accelerated weathering test, of 
a water drops disposed on the water-repellent glass plates 1 AA and 1 AB according to Example 1 , which are rep- 
resented by black marks, and that disposed on another one according to Comparative Example, which is repre- 
ss sented by white circles; 

Fig. 2 is a graph similar to Fig. 1 , but showing that disposed on those 2AB-2EB according to Example 2, which are 
represented by black marks, and that according to Comparative Example, which is represented by white circles; 
Fig. 3 is a graph similar to Fig. 1 , but showing that disposed on those 3Ai A-3A4A according to Example 3. which 
are represented by black marks, and that according to Comparative Example 1 , which is represented by white cir- 
30:: cles; and 

Fig. 4 is a graph similar to Fig. 1 , but showing that disposed on those 4Ai B-4A4B according to Example 4, which 
are represented by black marks, and that according to Comparative Example 1 , which is represented by white cir- 
cles. 

35 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the invention, the first coating liquid for forming the first film on the glass substrate may further contain a first sol- 
vent for diluting the tetraisocyanate silane (Si(NCO) 4 ) contained therein. In the preparation of the first coating liquid, the 
weight ratio of the tetraisocyanate silane to the first solvent is preferably from 1 :999 to 1 :4, more preferably from 1 :99 to 

40 i :9. In case that the first solvent is n-butyl acetate, this weight ratio is preferably from 1 :99 to 1 :24 and is more preferably 
about 1 :49. This weight ratio may vary depending on the method for applying the first coating liquid, the thickness of the 
first film, and the like. The first coating liquid containing the tetraisocyanate silane is in a form of silica sol. When such 
first coating liquid is applied to the glass substrate surface by rubbing, for example, a cotton pad moistened therewith, 
against the glass substrate, there can be obtained a first film (silica film ) having a thickness of up to 30 nm. 

45 As stated above, the precursory film may be subjected to a heat treatment in the step (2). This heat treatment is 

conducted for 0.1 min. at a temperature which is higher than room temperature and is up to 700 °C, preferably at a tem- 
perature of from about 50 to about 670 °C for a period of time of from 0. 1 min. to about 24 nr., more preferably at a tem- 
perature of from about 200 to about 300 °C for a period of time of from 5 min. to about 1 hr. The heat treatment of the 
precursory film may be conducted independently or at the same time when the heat bending and/or the tempering of 

50 the glass plate is conducted. In the invention, the second film may be dried at a temperature of from room temperature 
to about 400 °C, for at least about 0.1 min. 

As stated above, the second coating liquid contains an alkoxysilane having at least one fluorocarbon group and 
may further contain a long-chain aliphatic silane compound having a carbon atom number of at least 6. The upper limit 
of this carbon atom number may be about 16. The alkoxysilane of the second coating liquid is preferably represented 

55 by a general formula of (C n F 2m .iC 2 H4) a SiR 1 b (OR 2 )4. a .b where each of R 1 and R 2 is an alkyl group, n is an integer of at 
least 1 , "a" is 1 , 2 or 3, and "b" is 0, 1 or 2, with a proviso that the total of "a" and "b" is 1 , 2 or 3. 

In a first case of the second coating liquid, it may have a viscosity of from 0.5 to 6 centipoises and may contain, per 
0.1 -5 parts by weight of the alkoxysilane, 0-15 parts by weight of the aliphatic silane compound. 90-1 10 parts by weight 
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The following nonlimitative examples are illustrative of the present invention. 
EXAMPLE 1 
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60% nitric acid. Then, the second coating liquid B was applied to the first film 1 A in the same manner as above, and 
then the coated glass substrate wad heated at about 140 °C for about 30 min., thereby to prepare the water-repellent 
glass plate 1 AB of the present invention having the second film 1 B formed on the first film 1 A. 

Then, each of the water-repellent glass plates 1AA and 1AB was subjected to the following evaluation tests. To 
5 evaluate its water repellency, the contact angle of water drop on the second film 1 A or 1 B, the initial contact angle, was 
measured in the atmosphere of about 25 °C, by a CA-X type contact angle meter made by Kyowa Kaimen Kagaku Co. 
The results are shown in Fig. 1 . 

Weatherability (solar resistance) of the glass plates 1 AA and 1 AB was evaluated by a super UV accelerated weath- 
erability test, using SUV-W1 1 -type super UV accelerated weatherability tester of Iwasaki Denki Co. In this test, the sec- 
ic ond films 1 A and 1 B were exposed to the super UV rays of about 76 mW/cm 2 for certain periods of time shown in Fig. 
1 , at about 50 °C and a relative humidity of about 20%. After each period of time shown in Fig. 1 , the contact angle of 
water drop disposed on the second film 1 A or IB was measured in the same manner as above. The results are shown 
in Fig. 1. 

is EXAMPLE 2 

At first, the first film 2A was formed on the glass substrate, using the first coating liquid A of Example 1 , in the same 
manner as that of forming the first film 1 A of Example 1, except in that the precursory film was subjected to a heat treat- 
ment of 250 °C for 30 min, in stead of the drying at room temperature. 

20 Then, a cotton pad moistened with the second coating liquid B of Example 1 was rubbed by hand against the first 

film 2 A, thereby to coat the first film 2A therewith. Then, the coated glass substrate was heated at about 140 °C for 
about 30 min., thereby to form on the first film 2A the second film 2B having a thickness of about 20 nm. Then, the sur- 
face of the second film 2B was wiped with a cotton pad moistened with isopropyl alcohol to remove an excess of the 
second film 2B, thereby to prepare the water-repellent glass plate 2AB. 

25 Besides the first coating liquid A of Example 1 , the first coating liquids B-E were respectively prepared by the same 

manner as that of the first coating liquid A except in that the amount of butyl acetate was changed to 74. 24, 99 and 1 99 
parts by weight, per 1 part by weight of tetraisocyanate silane. Then, the first films 2B-2E were respectively prepared 
from the first coating liquids B-E in the same manner as that of the first film 2A. Then, the water-repellent glass plates 
2BB-2EB were respectively prepared by applying the second coating liquid B to the first films 2B-2E, in the same man- 

3G-. ner as that of preparing the water-repellent glass plate 2AB. 

The glass plates 2AB-2EB were subjected to the same evaluation test as those of Example 1. The results are 
shown in Fig. 2. 

COMPARATIVE EXAMPLE 

35 

In this comparative example, the second film 1 A of Example 1 was formed directly on the glass substrate by the 
same method as that of Example 1, using the second coating liquid B, thereby to prepare the water-repellent glass 
plate In other words, the first film was omitted. The results of the evaluation tests until 600 hr exposure to the super UV 
rays are shown in Fig. 1 , and those until 1 ,000 hr exposure thereto are respectively shown in Figs. 2-4. 

40 

EXAMPLE 3 

At first, the first coating liquid A of Example 1 was applied to four glass substrates each being the same as that of 
Example 1 , in the same manner as that of Example 1 , thereby to form four precursory films thereon. Then, these pre- 

45 cursory films were respectively subjected to first to fourth heat treatments, which are respectively of about 100 °C for 
about 1 hr, of about 200 °C for about 10 min., of about 200 °C for about 1 hr, and of about 300 °C for about 10 min, 
thereby to prepare the four first films 3A r 3A 4 (i.e., 3A 1( 3A 2 , 3A 3 and 3A 4 ). Separately, the first coating liquid A of 
Example 1 was applied to two glass substrates each being the same as that of Example 1 , thereby to form two precur- 
sory films thereon. Then, these precursory films were respectively subjected to fifth and sixth heat treatments, which 

so are respectively of about 640 °C for about 5 min. and of about 740 °C for about 4 min, thereby to prepare the two first 
films 3A 5 and 3A6. 

Then, the second coating liquid A of Example 1 was respectively applied to the first films 3A-, , 3A 2 , 3A 3 and 3A4, 
followed by the drying, by the same methods as those of Example 1 , thereby to prepare the water-repellent glass plates 
3A t A, 3A 2 A, 3A 3 A and 3A 4 A, each having the second film having a thickness of about 20 nm. These glass plates were 
55 subjected to the same evaluation tests as those of Example 1 . The results are shown in Fig. 3. It is understood from 
Fig. 3 that the water-repellent glass plate was improved in weather resistance (solar resistance) by increasing the tem- 
perature of and the period of time of the heat treatment on the first film. 
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EXAMPLE 4 

At first, the first coating liquid A of Example 1 was applied to six glass substrates each being the same as that of 
Example 1 , in the same manner as that of Example 1 , thereby to form six precursory films thereon. Then, these precur- 
sory films were respectively subjected to the first to sixth heat treatments of Example 3, thereby to prepare the six first 
films 4 A, -4Ae. Then, the second coating liquid B of Example 1 was applied to each of the first films 4A, -4Ae in the same 
manner as that of Example 2. Then, each of the coated glass substrates was heated at 1 40 °C for about 30 min, thereby 
to respectively form on the first films 4A r 4A6 the second films 4B, each having a thickness of about 20 nm. Then, the 
surface of each of the second films 4B was wiped in the same manner as that of Example 2, thereby to prepare the 
water-repellent glass plates 4A, B-4AgB. These six glass plates 4A A B-4AeB were subjected to the same evaluation tests 
as those of Example 1 . The results are shown in Fig. 4 and Table. In fact. Fig. 4 shows only the results of the evaluation 
tests on the four glass plates 4A 1 B-4A4B. In Table, there are shown only first values of the initial contact angle of water 
drop, second values of the contact angle thereof after 250 hr exposure to the super UV rays, and third values of that 
after 500 hr exposure thereto, with respect to all of the six glass plates 4A 1 B-4A$B. The first and second values shown 
in Table were obtained by the actual measurements in the evaluation tests. In contrast, the third values shown in Table 
were not obtained thereby, but are estimated values. That is, the third values of the glass plates 4A 1 B-4A 4 B and 4A 5 B- 
4AeB of Table were respectively obtained from the graph of Fig. 4 and from another graph similar to that of Fig. 4. 
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The entire disclosure of each of Japanese Patent Application Nos. 8-5973 and 8-5974, which have been filed on 
January 17, 1996, including specification, claims, drawings and summary, is incorporated herein by reference in its 
entirety. 

Claims 

1 . A water-repellent glass plate comprising: 

(a) a glass substrate; 

(b) a first film formed on said glass substrate, said first film being made of silica; and 

(c) a water-repellent second film formed on said first film, 

wherein said water-repellent glass plate is prepared by a method comprising steps of: 

(1) applying a first coating liquid containing tetraisocyanate silane to said glass substrate, thereby to form 
thereon a precursory film, said tetraisocyanate silane being curable at room temperature; and 

(2) subjecting said precursory film to a drying at room temperature or to a heat treatment, thereby to pre- 
pare said first film; and 

(3) applying a second coating liquid to said first film, thereby to form said second film on said first film, said 
second coating liquid containing an alkoxysilane having at least one f luorocarbon group. 

2. A glass plate according to claim 1 , wherein said precursory film is subjected to said drying in the step (2). 

5. A glass plate according to claim 1 , wherein said heat treatment is conducted at a temperature which is higher than 
room temperature and is up to 700 °C, for at least 0.1 min. 
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4. A glass plate according to claim 1, wherein said second coating liquid further contains an aliphatic silane com- 
pound having a carbon atom number of at least 6. 

5. A glass plate according to claim 1 , wherein said alkoxysilane of the step (3) is represented by a general formula of 
5 (C n F2n + iC 2 H4) a SiR 1 b (OR 2 )4. a . b where each of R 1 and R 2 is independently an alkyi group, n is an integer of at least 

1 , "a" is 1 , 2 or 3, and "b" is 0, 1 or 2, with a proviso that the total of "a" and "fa" is 1 , 2 or 3. 

6. A glass plate according to claim 1 , wherein said first film has a thickness of up to 30 nm. 

w 7. A method for producing a glass plate having (a) a glass substrate; (b) a first film formed on said glass substrate, 
said first film being made of silica; and (c) a water-repellent second film formed on said first film, said method com- 
prising steps of: 

(1 ) applying a first coating liquid containing tetraisocyanate silane to said glass substrate, thereby to form ther- 
15 eon a precursory film, said tetraisocyanate silane being curable at room temperature; and 

(2) subjecting said precursory film to a drying at room temperature or to a heat treatment, thereby to prepare 
said first film; and 

(3) applying a second coating liquid to said first film, thereby to form thereon said second film, said second 
coating liquid containing an alkoxysilane having at least one fluorocarbon group. 

20 

8. A method according to claim 7, wherein said precursory film is subjected to said drying in the step (2). 

9. A method according to claim 7, wherein said precursory film is subjected to said heat treatment which is conducted 
at a temperature which is higher than room temperature and is up to 700 °C, for at least 0.1 min. 

25 

10. A method according to claim 7, wherein said second coating liquid further contains an aliphatic silane compound 
having a carbon atom number of at least 6. 

11. A method according to claim 7, wherein said alkoxysilane of the step (3) is represented by a general formula of 
30 (C n F2n+iC2H 4 ) a SiR 1 b(OR 2 )4.a.b where each of R 1 and R 2 is an alkyl group, n is an integer of at least 1, "a" is 1 , 2 

or 3, and "b" is 0, 1 or 2, with a proviso that the total of "a" and "b" is 1 , 2 or 3. 

12. A method according to claim 7, wherein said first coating liquid further contains a first solvent, and a weight ratio of 
said tetraisocyanate silane to said first solvent is from 1 :999 to 1 :4. 

35 

1 3. A method according to claim 12, wherein said weight ratio is from 1 :99 to 1 :24. 

14. A method according to claim 13, wherein said weight ratio is about 1 :49. 

40 1 5. A method according to claim 7, wherein said second coating liquid has a solid matter concentration of from 0.1 to 
20 wt%, on an oxide basis, and has a viscosity of from 0.2 to 7 centipoises. 

16. A method according to claim 7, wherein said second coating liquid further contains, per 0.1*5 parts by weight of 
said alkoxysilane contained therein, 0-15 parts by weight of an aliphatic silane compound having a carbon atom 

45 number of at least 6, 90-1 10 parts by weight of a second solvent, 0.1-5 parts by weight of an acid catalyst, and 0- 

10 parts by weight of a silicon isocyanate compound, and wherein said second coating liquid has a viscosity of from 
0.5 to 6 centipoises. 

17. A method according to claim 7, wherein, after the step (3), said second film is dried at a temperature of from room 
so temperature to 400 °C. for at least 0.1 min. 

18. A method according to claim 17, wherein said second film is dried at a temperature of from 100 to 400 °C, for a 
period of time of from 0.1 to 120 min. 

55 19. A method according to claim 17. wherein said second film is dried at a temperature of from room temperature to 
160 °C, for at least 10 min. 

20. A method according to claim 17, wherein said second film is dried at room temperature for at least 12 hr. 
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21. A method according to claim 7, wherein said alkoxysilane of the step (3) is at least one compound selected from 
the group consisting of CF 3 (CH 2 ) 2 Si(OCH 3 ) 3 , CF 3 (CF2)5(CH 2 ) 2 Si(OCH3) 3 , CF 3 (CF 2 ) 7 (CH 2 ) 2 Si(OCH 3 ) 3 , and 
CF 3 (CF 2 ) 7 (CH2) 2 SiCH3(OCH 3 ) 2 . 

5 22. A method according to claim 10, wherein said aliphatic silane compound is at least one compound selected from 
the group consisting of CH 3 (CH 2 ) 5 Si(OCH 3 )3 and CH 3 (CH 2 ) 5 SiCl3. 

23. A method according to claim 16, wherein said silicon isocyanate compound is at least one compound selected from 
the group consisting of (CH 3 ) 3 SiNCO, (CH 3 ) 2 Si(NCO) 2 , CH 3 Si(NCO) 3 , CH 2 =CHSi(NCO) 3 , C 6 H 5 Si(NCO) 3 , 
io C 6 H 5 Si(NCO) 3 , Si(NCO) 4l and C 2 H 5 OSi(NCO) 3 . 
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